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(54) Electrical driving apparatus 

(57) To continuously detect a position of a rotor of a 
motor having the rotor formed with a plurality of mag- 
netic poles by permanent magnets without using an 
expensive encoder, the rotor position is continuously 
detected by arranging a rotor formed with, for example, 
8 poles by permanent magnets, a stator having, for 
example, 9 slots of magnetic legs opposed to the rotor, 
an analog type Hall element arranged at a position 
opposed to the magnetic poles of the rotor, an analog 
type Hall sensor for outputting an analog magnetism 
detecting signal the phase of which is shifted by 90° 
from that of the analog type Hall sensor or a digital type 
Hall sensor for out-putting a digital magnetism detecting 
signal comprising a binary signal and comparing the 
magnetism detecting signals having different phases by 
90°. 
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type Hal! sensor in correspondence with the magnetic 
fluxes of the magnetic poles, wherein the rotational 
position detecting means detects the rotational position 
of the rotor based on the analog magnetism detecting 
signal outputted from the analog type Hall sensor and 5 
the digital magnetism detecting signal outputted from 
the digital type Hall sensor. 

[0012] According to another preferred aspect of the 
invention, when only a range of, for example, -90° 
through 90° is considered, the analog magnetism 10 
detecting signal in the shape of the sine wave outputted 
from the analog type Hall sensor can detect accurate 
rotational position since an instantaneous value thereof 
is changed in accordance with the rotational position. 
However, in a range of 90° through 270°, the individual is 
instantaneous value becomes a value the same as that 
of the instantaneous value in the range of 90° through - 
90° and accordingly, when operation processing is car- 
ried out by using the instantaneous value, those at 60° 
and at 120° cannot be discriminated from each other. 20 
Therefore, by outputting the digital magnetism detecting 
signal comprising the binary signal from the digital type 
Hall sensor having the phase difference of 90° relative 
to the analog signal of the analog type Hall sensor, by 
the digital magnetism detecting signal, whether the ana- 25 
log magnetism detecting signal falls in the range of -90° 
through 90° or the range of 90° through 270° can be 
determined. 

[0013] Hereinafter, the present invention is 
explained in greater detail by means of preferred 30 
embodiments thereof in conjunction with the accompa- 
nying drawings, wherein: 

Fig. 1 is an outline constitution view showing a first 
embodiment when the invention is applied to a 35 
brushless DC motor of an inner rotor type; 

Fig. 2 is an explanatory view showing a relationship 
of arranging the rotor and a stator of Fig. 1 ; 
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Fig. 3 is a characteristic diagram showing an output 
characteristic of an analog type Hall sensor; 

Fig. 4 is a waveform diagram provided for explain- 
ing operation of detecting a position of a rotor; 

Fig. 5 is a flowchart showing an example of a 
processing of detecting the position of the rotor; 



Fig. 6 is an explanatory view similar to Fig. 2 show- so 
ing a second embodiment of the invention; 

Fig. 7 is a waveform diagram provided for explain- 
ing operation of detecting a position of a rotor 
according to the second embodiment; 55 

Fig. 8 is a flowchart showing an example of a 
processing of detecting the position of the rotor 



according to the second embodiment; and 

Fig. 9 is a waveform diagram showing a magnetic 
pole detecting signal and a conducting current 
waveform in a conventions brush DC motor. 

[0014] An explanation will be given of embodiments 
of the invention in reference to the drawings as follows. 
[0015] Fig. 1 is a sectional view showing a first 
embodiment when the invention is applied to a brush- 
less DC motor. 

[0016] In the drawing, numeral 1 designates a 
motor case constituted by a stator yoke 2 in a cylindncal 
shape and bearing brackets 3 and 4 closing both ends 
thereof and a rotor 5 is supported in the motor case 1 
rotatably by ball bearings 6 and 7 arranged at the bear- 
ing brackets 3 and 4. 

[0017] The rotor 5 is constituted by a rotating shaft 
8 rotatably supported by the ball bearings 6 and 7, a 
rotor yoke 9 in a cylindrical shape fitted to the rotating 
shaft 8 in the motor case 1 and permanent magnets 10 
formed at an outer peripheral face of the rotor yoke. 
[0018] In this case, as shown by Fig. 2, the perma- 
nent magnets 10 are constituted by 8 poles of magnetic 
poles MP1 through MP8 magnetized in N poles and S 
poles alternately in the circumferential direction. 
[0019] In the meantime, the stator yoke 2 is 
arranged with, for example, 9 slots of magnetic legs 
ML1 through ML9 at positions opposed to the perma- 
nent magnets 10 of the rotor 5. As shown by Fig. 2, the 
stator 11 is constituted by winding three phases of 
armature coils LU, LV and LW at respectives of the mag- 
netic legs ML1 through ML3, ML4 through ML6 and ML7 
through ML9 and according to the armature coils LU, LV 
and LW, ends C on one side of these are connected to 
each other to thereby constitute star connection. 
[0020] Further, the stator yoke 2 is arranged with a 
support piece 12 extended to a position opposed to an 
end face of the permanent magnet 1 0 of the rotor 5 and 
two analog type Hall sensors 13A and 13B constituting 
U phase magnetism detecting means are arranged at 
positions of the support piece 12 opposed to the end 
face of the permanent magnet 10. 
[0021] As shown by Fig. 3, the analog type Hall 
sensors 13A and 13B output, as analog magnetism 
detecting signals, analog induced voltages in a shape of 
a sine wave, the phases of which are advanced by 90° 
in electrical angle relative to magnetic fluxes generated 
by the magnetic poles MP1 through MP8 constituting 
the permanent magnets 10 as illustrated by a broken 
line, and arranged at mechanical angle positions shown 
by Fig. 2 such that when the rotational direction of the 
rotor 5 is in the clockwise direction, the phase of an ana- 
log magnetism detecting signal SB of the Hall sensor 
1 3B shown by Fig. 4(b) is advanced by 90° in electrical 
angle relative to that of an analog magnetism detecting 
signal SA of the Hall sensor 13A shown by Fig. 4(a). 
[0022] That is, the analog type Hall sensor 13A for 
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[0034] That is, according to the second embodi- 
ment, as shown by Fig. 6, there is constructed a consti- 
tution similar to that of the first embodiment shown by 
Fig. 2 except that there is applied a digital type Hall sen- 
sor 14 for outputting magnetic fluxes generated at the 
magnetic poles MP1 through MP8 constituting the per- 
manent magnet 10 as digital magnetism detecting sig- 
nals of a binary signal in place of the analog type Hall 
sensor 13B, the same notations are attached to por- 
tions in correspondence with those in Fig. 2 and a 
detailed explanation thereof will be c mitted. 
[0035] According to the second embodiment, 
although as shown by Fig. 7(a) the analog magnetism 
detecting signal SA similar to that in the first embodi- 
ment is outputted from the analog type Hall sensor 13A, 
as shown by Fig. 7(b), a digital magnetism detecting 
signal SD comprising a binary signal, the phase of 
which is advanced by 90° in electrical angle relative to 
the analog magnetism detecting signal SA, is outputted 
from the digital type Hall sensor 14. 
[0036] Therefore, when the digital magnetism 
detecting signal SD is brought into an ON state, the 
analog magnetism detecting signal SA falls in a range of 
-90° through 90° and when the digital magnetism 
detecting signal SD is brought into an OFF state, the 
analog magnetism detecting signal SA falls in a range of 
90° through 270° and therefore, by inputting the analog 
magnetism detecting signal SA and the digital magnet- 
ism detecting signal SD into the microcomputer for con- 
trolling to drive the brushless DC motor and carrying out 
a rotor position detecting processing shown by Fig. 8, 
the rotor position can accurately be detected in electri- 
cal angle. 

[0037] That is, the rotor position detecting process- 
ing is executed as a timer interruption processing at 
respective predetermined time (for example, 10 msec). 
First, instantaneous values of the analog magnetism 
detecting signal SA and the digital magnetism detecting 
signal SD are read at step S1 1 . Successively, the oper- 
ation proceeds to step S12 and determines whether the 
digital magnetism detecting signal SD is brought into 
the ON state. In the case of the ON state, it is deter- 
mined that the analog magnetism detecting signal SA 
falls in a range of -90° (=270°) through 90° and the oper- 
ation proceeds to step S13. The timer interruption 
processing is finished by calculating the electrical angle 
based on the instantaneous value of the analog mag- 
netism detecting signal SA in reference to the electrical 
angle calculation map previously stored. Further, when 
the determination result at step S12 indicates the OFF 
state, it is determined that the analog magnetism 
detecting signal SA falls in a range of 90° through 270° 
and the operation proceeds to step S1 4. The timer inter- 
ruption processing is finished by calculating the electri- 
cal angle 6 E based on the instantaneous value of the 
analog magnetism detecting signal SA in reference to 
the previously stored electrical angle calculation map. 
[0038] In this case, the processing of Fig. 8 corre- 



sponds to the rotational position detecting means. 
[0039] In this way, also in the second embodiment, 
the rotor position can accurately be detected by using 
the analog type Hall sensor 1 3A and the digital type Hall 
5 sensor 1 4, further, the digital type Hall sensor 1 4 is inex- 
pensive in comparison with the analog type Hall sensor 
13A and therefore, the rotor position detecting appara- 
tus can be fabricated at a low cost in comparison with 
that in the first embodiment 
10 [0040] Further, although according to the first and 
the second embodiments, an explanation has been 
given of the case in which the analog type Hall sensor 
13A and the analog type Hall sensor 13B or the digital 
type Hall sensor 14 are installed at the positions shown 
15 by Fig. 2, these may be arranged at positions shifted 
from each other by the mechanical angle of 90° (electri- 
cal angle of 360°) multiplied by an integer. When these 
sensors are used in inverse signs, the sensors may be 
arranged at positions shifted from each other by the 
20 mechanical angle of 45° (electrical angle of 180°) multi- 
plied by an integer. Further, the positions of installing 
the analog type Hall sensor 1 3A and the analog type 
Hall sensor 13B or the digital type Hall sensor 14 rela- 
tive to each other are not limited to those having the 
25 mechanical angle of 22.5° (electrical angle of 90°) as 
interval therebetween but may be installed at arbitrary 
mechanical angle positions and in this case, the phase 
of the output of either one of the analog type Hall sensor 
13A and the analog type Hall sensor 13B or the digital 
30 type Hall sensor 14 may be corrected relative to the 
phase of other to constitute the interval of 90° in electri- 
cal angle or electrical angle 90° multiplied by an integer. 
[0041] Further, although according to the above- 
described first and second embodiments, an explana- 
35 tion has been given of the case in which the Hall sen- 
sors 13A, 13B and 14 are arranged at the end face of 
the rotor 5 in the axial direction, when the analog type 
Hall sensor 13A is placed between the slots, since the 
stator 1 1 is of 9 slots, a deviation from the center in the 
40 circumferential direction of the magnetic leg ML2 to 
slots on both sides, becomes ±(80+1 60n) (n=0 through 
4)° in electrical angle. The phase of induced voltage of 
the analog type Hall sensor 13A is advanced by 90° in 
electrical angle relative to the position of the magnetic 
45 pole of the rotor 5 relative to the magnetic leg ML2 and 
therefore, the deviation in the case of placing the analog 
type Hall sensor 13A between the slots becomes 
90±(80+1 60n)° in electrical angle and by taking the shift 
amount into account, the rotor positions relative to cent- 
50 ers in the circumferential direction of central magnetic 
legs of the respective phases of U, V and W phases of 
the stator 1 1 can accurately be detected. 
[0042] Further, although according to the above- 
described first and second embodiments, an explana- 
55 tion has been given of the case in which the invention is 
applied to the brushless DC motor of the inner rotor 
type, the invention is not limited thereto but the invention 
is applicable to an alternating current motor having a 
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cles using both an engine and an electric motor. 

Electrical driving apparatus as claimed in at least 
one of the preceding claims 1 to 6, wherein the 
position of the rotor by the magnetism and rotor 5 
position detecting means is detected continuously. 
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(54) Electrical driving apparatus 

(57) To continuously detect a position of a rotor of a 
motor having the rotor formed with a plurality of mag- 
netic poles by permanent magnets without using an ex- 
pensive encoder, the rotor position is continuously de- 
tected by arranging a rotor formed with, for example, 8 
poles by permanent magnets, a stator having, for exam- 
ple, 9 slots of magnetic legs opposed to the rotor, an 



analog type Hall element arranged at a position op- 
posed to the magnetic poles of the rotor, an analog type 
Hall sensor for outputting an analog magnetism detect- 
ing signal the phase of which is shifted by 90° from that 
of the analog type Hall sensor or a digital type Hall sen- 
sor for out-putting a digital magnetism detecting signal 
comprising a binary signal and comparing the magnet- 
ism detecting signals having different phases by 90°. 
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